Introduction
============

Among the patients with chronic airflow obstruction (CAO), concurrent asthma and COPD is common with a reported prevalence rate between 15% and 55% among COPD patients.[@b1-copd-12-3523]--[@b3-copd-12-3523] This wide range of prevalence rates largely stems from the diagnostic criteria for overlap syndrome. A joint project of the Global Initiative for Asthma (GINA) and Global Initiative for Chronic Obstructive Lung Disease (GOLD) addressed the diagnostic approach for asthma--COPD overlap (ACO), previously known as asthma--COPD overlap syndrome (ACOS).[@b4-copd-12-3523] However, the GINA/GOLD guidelines addressed only the clinical description, not the definition, and in real-world practice, it is difficult to differentiate whether CAO in patients with asthma is the result of airway remodeling from asthma or the effect of concurrent smoking.

The original definition of ACOS reported by Gibson and Simpson was "increased variability of airflow and incompletely reversible airflow limitation",[@b5-copd-12-3523] implying that all cases of asthma with CAO are ACOS. Recently, a global expert panel discussion proposed new consensus criteria for ACO including a smoking history of ≥10 pack-years as a major criterion.[@b6-copd-12-3523] According to the proposed criteria, asthma patients with CAO but less of a smoking history are excluded from ACO in areas where air pollution is not a potential etiology of COPD. However, whether or not a smoking history of ≥10 pack-years is a suitable marker for the diagnosis of ACO has yet to be examined.

Until inhaled corticosteroids (ICS) became widely used, the coexistence of uncontrolled asthma and COPD was associated with more frequent exacerbations,[@b7-copd-12-3523] a worse prognosis[@b8-copd-12-3523],[@b9-copd-12-3523] and a greater decline of FEV~1~ than COPD without asthma.[@b10-copd-12-3523],[@b11-copd-12-3523] However, recent studies have suggested that ACO includes mild-to-moderate disease with a better prognosis than COPD,[@b12-copd-12-3523],[@b13-copd-12-3523] and the GINA/GOLD guideline[@b4-copd-12-3523] states that exacerbation in ACO can be reduced by treatment.

Starting from 2000, we observed all consecutive patients with CAO who were able to undergo full examinations by specialists for COPD, asthma and other airway diseases. From 2000 to 2011, we initially recruited 1,960 consecutive patients with not-fully-reversible airflow obstruction.[@b12-copd-12-3523] CAO was confirmed by spirometry every 1 or 2 years. For a differential diagnosis, all patients were evaluated by high-resolution computed tomography (HRCT) at the start of the observation. In this study, we further followed up their clinical records until June 2016, and investigated whether or not a smoking history of ≥10 pack-years is a useful marker for differentiating ACO and asthma with CAO and whether computed tomography (CT)-diagnosed emphysema is a useful marker for subclassifying ACO in terms of mortality and exacerbation. As a reference, we also compared the mortality and exacerbation between ACO and COPD.

Methods
=======

Study subjects
--------------

We reviewed 857 consecutive patients ≥40 years of age with CAO (537 patients with COPD, 256 patients with ACO and 64 asthma patients with CAO) who presented to the Saitama Cardiovascular and Respiratory Center (a tertiary referral center with 155 beds for respiratory disease) in Saitama, Japan. CAO was defined as post-bronchodilator FEV~1~/FVC \<0.7 throughout the observation period.

Study design
------------

This was a retrospective observational cohort study in which clinical data were collected from medical records. ACO was defined according to the global expert panel consensus criteria[@b6-copd-12-3523] with mild modification including all three major criteria: 1) CAO in individuals ≥40 years of age, 2) a smoking history of ≥10 pack-years, 3) a documented history of asthma and at least one minor criterion: (1) a documented history of atopy or allergic rhinitis, 2) a bronchodilator response of FEV~1~ ≥200 mL and 12% from baseline values using salbutamol, and 3) peripheral blood eosinophil count \>300 cells/μL). In this study, the asthma history at any age was accepted because asthma features are not specific and the first asthma event is often difficult to define.[@b4-copd-12-3523]

COPD was diagnosed as previously described:[@b12-copd-12-3523],[@b14-copd-12-3523] 1) a smoking history of ≥10 pack-years, 2) CAO in individuals ≥40 years of age and 3) other respiratory diseases excluded.

The entry criteria of asthma with CAO were as follows: 1) CAO in individuals ≥40 years of age and 2) a documented history of asthma and at least one minor criterion (a documented history of atopy or allergic rhinitis, or a bronchodilator response of FEV~1~ ≥200 mL and 12% from baseline values using salbutamol or peripheral blood eosinophil count \>300 cells/μL).

HRCT was performed at the start of the observation, and the presence of emphysema was determined by two radiologists. In a previous study,[@b12-copd-12-3523] the observation period ended at March 1, 2012, but the subjects continued to be monitored and recorded. In this study, the cohort was followed up until June 30, 2016. The group of asthma patients with CAO in a previous study[@b12-copd-12-3523] was newly classified as patients with ACO and asthma with CAO with or without 10-pack-year smoking history. The patients who could not be followed up for \>1 year were excluded in order to evaluate the annual exacerbation rate. Subjective symptoms, prescription history, laboratory data and visiting history were monitored. This study was approved by the institutional review board of Saitama Cardiovascular and Respiratory Center (No 2012001). General prior consent to review their medical records was obtained from patients at the first visit to the hospital. No further consent was required for this study.

Assessment of exacerbation
--------------------------

The histories of exacerbation were obtained from the medical records. Total exacerbation events were defined as the worsening or new onset of symptoms such as dyspnea, cough, sputum, fever, or wheezing that required a prescription change.[@b15-copd-12-3523] Such symptoms can be observed by respiratory infections, worsening of asthma or other causes, such as heart failure, and precise differential diagnoses were sometimes difficult in ambulatory practice. However, in patients who required emergent admission, their history, physical examination findings, results of laboratory tests, HRCT findings and response to the treatments were well preserved in the medical record. The cause of admission recorded by the doctor in charge was reevaluated and ultimately classified by two study pulmonologists. Radiology-proven pneumonia was not excluded from causes of COPD exacerbation in emergent admission because bronchopneumonia is often detected by HRCT even if the chest radiology findings are almost normal.

In ACO patients and asthma patients with CAO, admission with severe wheezing that required oral or parenteral corticosteroids was designated as an asthma attack, and admission with symptoms of airway infection, such as fever, absence of severe wheezing and increased serum C-reactive protein \>1 mg/dL requiring antibiotics, was designated as COPD exacerbation according to the study criteria.

Statistical analyses
--------------------

The baseline characteristics are represented as the mean ± SD, median (interquartile range) or number (%), as appropriate. Differences among the groups were analyzed using the Mann--Whitney *U* test or chi-squared test. Subgroups were compared via an analysis of variance.

The survival in each subgroup was estimated by Kaplan--Meier analysis. Mortality rates were compared with a log-rank test and the Cox proportional hazards model. Time was defined from the initial examination until death. Censoring took place when participants were lost to follow-up or were still alive on June 30, 2016. A *P*-value of \<0.05 was considered statistically significant. All data were analyzed using SPSS version 22 (IBM Corporation, Armonk, NY, USA).

Results
=======

Patient characteristics
-----------------------

Demographic data of patients with ACO, COPD and asthma with CAO are shown in [Tables 1](#t1-copd-12-3523){ref-type="table"} and [2](#t2-copd-12-3523){ref-type="table"}. The median observation periods were 6.6, 8.3 and 9.2 years, respectively. Patients with ACO had a higher female ratio but a similar post-bronchodilator FEV~1~ compared to COPD patients. All of the asthma patients with CAO (\<10-pack-year smoking history) had post-bronchodilator FEV~1~/FVC \<0.7 throughout the observation period. Most of them had a long asthma history (14.1±12.1 years) at the start of observation. None of the patients with asthma with CAO had CT-diagnosed emphysema.

The annual decline rate in the post-bronchodilator FEV~1~ was larger in ACO patients (−45 mL/year) than in COPD patients (−40 mL/year) and asthma patients with CAO (−25 mL/year). Among patients with COPD, emphysema (+) patients had a higher percentage of de novo malignant disease (*P*=0.006) but lower rates of complication with vascular disease (*P*=0.016) than emphysema (−) patients. In patients with ACO, similar tendencies were observed, but not to a significant degree.

Mortalities of the patients with ACO, COPD and asthma with CAO
--------------------------------------------------------------

[Figure 1](#f1-copd-12-3523){ref-type="fig"} shows the overall survival rates of the groups. Patients with asthma with CAO (\<10-pack-year smoking history) had a better survival rate than those with ACO (*P*=0.020) or COPD (*P*\<0.001) ([Table 3](#t3-copd-12-3523){ref-type="table"}).

[Figure 2](#f2-copd-12-3523){ref-type="fig"} shows the overall survival rates of the subgroups classified by the presence of CT-diagnosed emphysema. Among both ACO and COPD patients, the subgroups without emphysema had a better survival rate than did the subgroups with emphysema (*P*=0.027 and *P*=0.023, respectively) ([Table 3](#t3-copd-12-3523){ref-type="table"}).

Frequencies of exacerbation among subgroups
-------------------------------------------

The frequencies of total exacerbation events were similar between the ACO and COPD patients ([Figure S1](#SD1-copd-12-3523){ref-type="supplementary-material"}). However, the frequency was lower in the COPD/emphysema (−) group than in the COPD/emphysema (+) group or ACO/emphysema (+) group. There were no significant differences in the frequencies of emergency visits among the subgroups ([Figure S2](#SD2-copd-12-3523){ref-type="supplementary-material"}). Subgroups with emphysema had higher frequencies of total emergent admission than subgroups without emphysema (*P*\<0.001, [Figure 3](#f3-copd-12-3523){ref-type="fig"}). The frequencies of emergent admission due to COPD exacerbation were higher in COPD patients than in ACO patients (*P*\<0.001) and higher in patients with emphysema than in patients without emphysema ([Table 4](#t4-copd-12-3523){ref-type="table"}). ACO/emphysema (+) patients experienced more frequent admission due to COPD exacerbation but less frequent admission due to asthma attack than ACO/emphysema (−) patients (*P*\<0.001 and *P*=0.014, respectively) ([Table 4](#t4-copd-12-3523){ref-type="table"} and [Figure 4](#f4-copd-12-3523){ref-type="fig"}).

Discussion
==========

The only difference in the entry criteria of this study between ACO patients and asthma patients with CAO was a 10-pack-year smoking history. Regardless, there were marked differences in the mortality and the nature of exacerbation that required emergent admission between these two patient groups. In addition, the rates of mortality and the frequency of severe exacerbation differed based on the presence of CT-diagnosed emphysema in ACO patients as well as in COPD patients. These results suggest that a 10-pack-year smoking history is a useful marker for differentiating ACO and asthma with CAO, and CT-diagnosed emphysema is a useful marker for classifying different phenotypes of ACO.

In 2000, we hypothesized that the differential diagnosis and longitudinal observation are important in the management of patients with CAO and developed an algorithm for the diagnosis of COPD, asthma and other airway diseases with CAO.[@b14-copd-12-3523] Fortunately, our approach and concept were very similar to the recent guideline of ACO[@b4-copd-12-3523] identifying asthma features and repeated follow-up of post-bronchodilator FEV~1~. However, until the publication of a recent consensus report in 2016,[@b6-copd-12-3523] some patients with asthma/CAO and less of a smoking history risked being classified as having ACO because the GINA/GOLD guideline[@b4-copd-12-3523] does not provide a clear cut-off value for the smoking history. Subjects with asthma/CAO can be clearly classified into ACO and asthma with airway remodeling groups according to the proposed consensus report.[@b6-copd-12-3523]

In previous reports, the coexistence of uncontrolled asthma and COPD was associated with more frequent exacerbation and worse prognosis than those observed in COPD.[@b5-copd-12-3523],[@b7-copd-12-3523],[@b8-copd-12-3523] However, the condition of ACO patients can be improved by ICS treatment,[@b16-copd-12-3523] and after a long period of time, they become less symptomatic.[@b4-copd-12-3523] In addition, growing evidence indicates that COPD patients with asthma features show a better prognosis and better response to ICS in terms of COPD exacerbation.[@b17-copd-12-3523]--[@b22-copd-12-3523] In this study, all of the patients with ACO were treated with ICS and one or two long-acting bronchodilators (data not shown). In addition to the diagnostic algorithm for the patients with CAO,[@b14-copd-12-3523] we started "COPD school" and "asthma school" for all asthma and COPD patients twice a year in 2000. Each school provides individual assistance regarding inhalation procedures, a rehabilitation class and other educational programs. Part of the programs for inhalation procedures was recently described in a report.[@b23-copd-12-3523] Therefore, the subjects observed in this study had received relatively good medical care from respiratory specialists.

One of the strengths of this study is that we recruited all consecutive patients with respiratory symptoms who underwent spirometry. Such an approach may be particularly important for the screening of less symptomatic patients who might be overlooked in a multicenter study. From 2000 to 2011, we screened 3,289 patients with FEV~1~/FVC \<0.7, and 1,960 of them had not-fully-reversible airflow limitation. However, 175 patients initially diagnosed as having asthma with not-fully-reversible airflow limitation were excluded through 2013, as their post-bronchodilator FEV~1~/FVC became \>0.7 after ICS and other treatments were introduced.

In a report of GINA/GOLD, CT-diagnosed emphysema is referred to as a marker for distinguishing asthma and COPD in specialized investigations;[@b4-copd-12-3523] however, a recent study showed that a considerable portion of COPD patients were non-emphysema type.[@b24-copd-12-3523] The results of the present study suggest that emphysema is a good marker for classifying ACO as well as COPD. We showed that ACO/emphysema (−) patients are more similar to asthma patients with CAO, and ACO/emphysema (+) patients are more similar to COPD patients in terms of the mortality and nature of exacerbation. As in previous studies,[@b12-copd-12-3523],[@b25-copd-12-3523]--[@b28-copd-12-3523] the present study showed that emphysema is a risk factor for de novo malignant tumor in patients with COPD.

To our knowledge, whether or not ACO patients experience more frequent COPD exacerbation or asthma attacks has been unclear. Although the differentiation of COPD exacerbation and asthma attack may be difficult, we tried to classify them using our study criteria in cases of admission. In the present study, the records of physical findings, response to treatments, laboratory data and findings of HRCT were available in most cases of emergent admission. ACO/emphysema (+) patients experienced more frequent admission due to COPD exacerbation, while ACO/emphysema (−) patients experienced more frequent admission due to asthma attack. A prospective study will be needed to determine whether or not exacerbations in ACO patients influence their mortality and decline in FEV~1~.

Several limitations associated with the present study warrant mention. First, we prospectively recruited patients with CAO, but this was a retrospective observational study, so some clinical data were not available. Some exacerbations may not have been documented in the records of our hospital. However, our hospital is the only respiratory center in the area, so we believe that most of the episodes that required emergent admission were properly recorded. The symptoms of wheezing, cough and chronic expectoration and smoking history were recorded by the paramedical staff at the annual pulmonary function tests in our clinic. We considered these data taken by the paramedical staff useful for strengthening the records of wheezing and smoking history taken by the doctors. Second, the female ratio in patients with COPD and ACO was very low in this study. However, this ratio accords with those in previous studies in Japan[@b17-copd-12-3523] and reflects the low smoking rate in Japanese women.[@b29-copd-12-3523] Third, treatments for COPD and ACO dramatically progressed from 2000 to 2016, but we tallied the number of exacerbations for the total period. Finally, the patients' background characteristics likely vary considerably among countries due to differences in pollution exposure (eg, biomass) and comorbidities of COPD. In Japan, the air pollution level is too low to count as an etiology of COPD,[@b30-copd-12-3523] and all patients with COPD had a significant smoking history in this study. Therefore, we considered asthma patients with CAO but a low smoking history not to be ACO under the proposed criteria. The reported vascular diseases as a comorbidity of COPD are markedly lower in Japan than in other countries,[@b31-copd-12-3523]--[@b33-copd-12-3523] and the data of this study were consistent with those of a recent study in Japan.[@b31-copd-12-3523]

Conclusion
==========

A smoking history of 10 pack-years is a useful cut-off value for differentiating ACO and asthma with airway remodeling. In addition, this study showed that airway-type ACO has more asthma features, while emphysema-type ACO has more COPD features. These markers are useful for predicting overall survival and frequency of exacerbation. Symptoms and airway obstruction of ACO could be improved by the treatments with ICS and long-acting bronchodilators; therefore, careful differential diagnosis and repeated evaluation are necessary for the recognition of ACO that might be treated as asthma or COPD.
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###### 

Frequencies of total exacerbation events in the subgroups of COPD, ACO, and asthma/CAO.

**Abbreviations:** ACO, asthma--COPD overlap; asthma/CAO, asthma with CAO; CAO, chronic airflow obstruction.

###### 

Frequencies of emergency visit in the subgroups of COPD, ACO, and asthma/CAO.

**Abbreviations:** ACO, asthma--COPD overlap; asthma/CAO, asthma with CAO; CAO, chronic airflow obstruction.
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![Kaplan--Meier survival curves for COPD, ACO, and asthma/CAO.\
**Abbreviations:** ACO, asthma--COPD overlap; asthma/CAO, asthma with CAO; CAO, chronic airflow obstruction.](copd-12-3523Fig1){#f1-copd-12-3523}

![Kaplan--Meier survival curves for COPD, ACO, and asthma/CAO subclassified by the emphysema.\
**Abbreviations:** ACO, asthma--COPD overlap; asthma/CAO, asthma with CAO; CAO, chronic airflow obstruction.](copd-12-3523Fig2){#f2-copd-12-3523}

![Frequencies of emergent admission in the subgroups of COPD, ACO, and asthma with CAO.\
**Abbreviations:** ACO, asthma--COPD overlap; asthma/CAO, asthma with CAO; CAO, chronic airflow obstruction; NS, not significant.](copd-12-3523Fig3){#f3-copd-12-3523}

![Causes of emergent admission in the subgroups of ACO and asthma/CAO.\
**Abbreviations:** ACO, asthma--COPD overlap; asthma/CAO, asthma with CAO; CAO, chronic airflow obstruction.](copd-12-3523Fig4){#f4-copd-12-3523}

###### 

Characteristics of the subjects

  Characteristics                            COPD                     ACO                      Asthma/CAO              *P*-value
  ------------------------------------------ ------------------------ ------------------------ ----------------------- -----------
  Age (years)                                69.4±7.8                 66.5±8.3                 63.7±9.5                \<0.0001
  Female sex                                 21 (3.9%)                33 (12.8%)               37 (57.8%)              \<0.0001
  Body mass index (kg/m^2^)                  21.1±3.5                 22.0±4.0                 22.6±3.7                \<0.0001
  Never smoker                               0                        0                        59 (92.2%)              \<0.0001
  Smoking index (pack-years)                 66.9±34.3                52.1±28.4                0.4±1.5                 \<0.0001
  Post-bronchodilator FVC (% predicted)      85.3±19.4                86.5±18.8                84.5±19.2               NS
  Post-bronchodilator FEV~1~ (% predicted)   60.5±24.2                59.4±22.6                66.5±22.2               NS
  GOLD stage, 1/2/3/4                        117/217/159/44           30/40/12/3               20/28/14/2              0.0045
  Post-bronchodilator FEV~1~/FVC             44.3±12.5                47.3±12.3                52.9±10.3               \<0.0001
  Reversibility of FEV~1~ (%)                8.2±8.1                  17.6±12.6                17.5±11.4               \<0.0001
  Annual change in FEV~1~ (mL/year)          −40.0 (−70.0 to −10.0)   −45.0 (−81.0 to −20.0)   −25.0 (−59.0 to 10.0)   0.016
  Any vascular diseases                      115 (21.4%)              46 (18.0%)               12 (18.8%)              NS
  De novo malignant tumor                    86 (16.0%)               32 (12.5%)               1 (1.6%)                0.0051
  Observation period (years)                 6.6 (3.5--9.7)           8.3 (5.1--11.8)          9.2 (6.5--12.9)         NS

**Note:** Data are shown as the mean ± standard deviation, median (interquartile range), or number (%).

**Abbreviations:** ACO, asthma--COPD overlap; asthma/CAO, asthma with CAO; CAO, chronic airflow obstruction; GOLD, Global Initiative for Chronic Obstructive Lung Disease; NS, not significant.

###### 

Characteristics of the subjects classified by emphysema

  Characteristics                            COPD                     ACO                                                                                 
  ------------------------------------------ ------------------------ ----------------------- --------- ------------------------ ------------------------ ---------
  Age (years)                                69.2±7.9                 70.2±7.3                NS        67.5±7.7                 64.2±9.3                 0.001
  Female sex                                 14 (3.1%)                7 (8.2%)                0.034     18 (11.2%)               15 (15.8%)               \<0.001
  Body mass index (kg/m^2^)                  20.8±3.5                 22.6±2.8                \<0.001   21.4±4.1                 23.0±3.7                 0.005
  Never smoker                               0                        0                       NS        0                        0                        NS
  Smoking index (pack-years)                 68.7±35.3                57.0±26.8               0.002     60.6±28.9                37.7±20.6                \<0.001
  Post-bronchodilator FVC (% predicted)      85.2±19.5                85.5±18.9               NS        85.9±19.3                87.6±18.1                NS
  Post-bronchodilator FEV~1~ (% predicted)   58.5±24.3                70.6±21.8               \<0.001   55.3±21.6                66.2±22.7                \<0.001
  GOLD stage, 1/2/3/4                        87/177/147/41            30/40/12/3              0.002     25/59/64/13              21/50/23/1               NS
  Post-bronchodilator FEV~1~/FVC             44.3±12.5                53.3±10.3               \<0.001   44.0±12.1                52.9±10.8                \<0.001
  Reversibility of FEV~1~ (%)                8.2±8.2                  8.2±7.9                 NS        17.6±12.4                17.7±12.7                NS
  Annual change in FEV~1~ (mL/year)          −44.0 (−71.0 to −14.5)   −30.0 (−61.0 to 20.0)   0.016     −43.0 (−79.0 to −20.0)   −45.0 (−82.0 to −20.0)   NS
  Any vascular diseases                      89 (19.7%)               26 (30.6%)              0.025     26 (16.1%)               20 (21.1%)               NS
  De novo malignant tumor                    81 (17.9%)               5 (5.9%)                0.006     24 (14.9%)               8 (8.4%)                 NS
  Observation period (years)                 6.4 (3.4--9.5)           7.2 (4.2--10.2)         NS        8.1 (4.9--11.6)          8.4 (5.5--12.6)          NS

**Note:** Data are shown as the mean ± standard deviation, median (interquartile range), or number (%).

**Abbreviations:** ACO, asthma--COPD overlap; GOLD, Global Initiative for Chronic Obstructive Lung Disease; NS, not significant.

###### 

Risk of all-cause mortality in asthma/CAO, ACO, and COPD

  Groups                              Hazard ratio (95% CI)   *P*-value   Subgroups            Hazard ratio (95% CI)   *P*-value   Hazard ratio (95% CI)   *P*-value
  ----------------------------------- ----------------------- ----------- -------------------- ----------------------- ----------- ----------------------- -----------
  **Univariate analysis**                                                                                                                                  
  Asthma/CAO                          1.00 (reference)                    Asthma/CAO           1.00 (reference)                                            
  ACO                                 10.64 (1.46--77.52)     0.020       ACO, emphysema (−)   5.74 (0.72--45.88)      0.099       1.00 (reference)        
  COPD                                26.98 (3.77--192.91)    0.001       ACO, emphysema (+)   13.79 (1.88--101.16)    0.010       2.41 (1.11--5.26)       0.027
  COPD, emphysema (−)                 15.59 (2.06--118.01)    0.008       1.00 (reference)                                                                 
  COPD, emphysema (+)                 29.55 (4.13--211.43)    0.001       1.86 (1.09--3.18)    0.023                                                       
  **Adjusted for age, sex and BMI**                                                                                                                        
  Asthma/CAO                          1.00 (reference)                    Asthma/CAO           1.00 (reference)                                            
  ACO                                 7.26 (0.95--55.34)      0.056       ACO, emphysema (−)   5.25 (0.63--43.47)      0.125       1.00 (reference)        
  COPD                                14.28 (1.88--108.56)    0.010       ACO, emphysema (+)   10.02 (1.29--77.75)     0.028       1.96 (0.88--4.33)       0.098
  COPD, emphysema (−)                 9.28 (1.163--73.98)     0.036       1.00 (reference)                                                                 
  COPD, emphysema (+)                 18.71 (2.43--143.84)    0.005       2.04 (1.18--3.53)    0.011                                                       

**Abbreviations:** ACO, asthma--COPD overlap; asthma/CAO, asthma with CAO; BMI, body mass index; CAO, chronic airflow obstruction.

###### 

Causes of emergent admission

  Causes                                  COPD         ACO         COPD total   ACO total    Asthma/CAO   *P*-value                                         
  --------------------------------------- ------------ ----------- ------------ ------------ ------------ ----------- ------------ ------------ ----------- ---------
  COPD exacerbation, N (N/person, year)   444 (0.20)   56 (0.11)   0.044        142 (0.13)   23 (0.05)    \<0.001     500 (0.18)   165 (0.09)   5 (0.01)    \<0.001
  Asthma attack, N (N/person, year)       NA           NA          NA           26 (0.02)    32 (0.06)    0.014       NA           58 (0.03)    30 (0.04)   NA
  Others, N (N/person, year)              149 (0.07)   23 (0.04)   NS           30 (0.03)    4 (0.01)     0.019       172 (0.06)   34 (0.02)    4 (0.01)    \<0.001

**Note:** In ACO patients and asthma/CAO patients, admission with severe wheezing that required oral or parenteral corticosteroids was designated as an asthma attack, and admission with symptoms of airway infection, such as a fever, absence of severe wheezing, and increased serum C-reactive protein \>1 mg/dL requiring antibiotics, was designated as COPD exacerbation according to the study criteria.

**Abbreviations:** ACO, asthma--COPD overlap; asthma/CAO, asthma with CAO; CAO, chronic airflow obstruction; NA, not applicable.
